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1
IMAGE PROCESSING APPARATUS AND
IMAGE PROCESSING METHOD

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an image processing appa-
ratus and an image processing method that add an effect such
as a watercolor painting to digital image data.

2. Description of the Related Art

Image processing can be performed to add a taste of a
watercolor painting to digital image data. Features of the
watercolor paintings may include a light color typical of the
watercolor painting, a feeling of color bleeding, and further, a
remaining rough line drawing. In Japanese Patent Application
Laid-Open No. 2008-242533, when a predetermined closed
area is colored, the colored area is moved in a random direc-
tion by a predetermined distance, the colored area is set at a
location which deviates from the closed area, and the colored
area is colored with a light color toward the periphery from
the center of the colored area.

Thus, the Laid-Open No. 2008-242533 proposes a method
that can express the color bleeding feeling of the paints.
Further, in Japanese Patent Application Laid-Open No.
11-232441, images are spatially grouped according to a simi-
lar color and color subtraction is performed in the same group
so that the images are represented by one same color. Thus,
the Laid-Open No. 11-232441 proposes a method that
expresses a taste of the watercolor painting which is realized
by limited paints.

In the method of Japanese Patent Application Laid-Open
No. 2008-242533, since all color information is first lost
before coloring, the taste of the watercolor paintings may be
expressed with the small number of colors. However, since
the colored area has a color different from an input image, it
is difficult to retain an atmosphere of the input image. In
Japanese Patent Application Laid-Open No. 11-232441,
while the number of colors is certainly decreased, boundaries
between the groups, that is, edges, are expressed by generat-
ing a mixed color by colors represented by the respective
groups. By this method, the boundaries are fused, and as a
result, it is difficult to express the effect of the rough line
drawing.

SUMMARY OF THE INVENTION

The present invention is directed to an image processing
apparatus and an image processing method that authentically
depict a rough line drawing and implement image processing
for generating a color of watercolor paintings having a color
of an input image as a basic color.

According to an aspect of the present invention, as dis-
cussed in claim 1, an image processing apparatus includes an
extraction unit that extracts a high-frequency component and
a low-luminance low-frequency component from luminance
data of an input image, a color blurring unit that performs
gradation processing to smooth data on color data of the input
image, and an output unit that outputs image data in which the
output from the extraction unit is used as luminance data and
the output from the color blurring unit is used as color data.

According to another aspect of the present invention, as
discussed in claim 14, an image processing method includes
extracting luminance data including a high-frequency com-
ponent and a low-luminance low-frequency component from
luminance data of an input image, performing gradation pro-
cessing to smooth data on color data of the input image, and
outputting image data in which luminance data extracted by

10

20

25

30

35

40

45

55

60

65

2

the extraction unit is used as luminance data and color data
output from the color blurring unit is used as color data.

Further features and aspects of the present invention will
become apparent from the following detailed description of
exemplary embodiments with reference to the attached draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of the specification, illustrate exemplary
embodiments, features, and aspects of the invention and,
together with the description, serve to explain the principles
of the invention.

FIGS. 1A and 1B are block diagrams illustrating an image
processing apparatus according to a first exemplary embodi-
ment.

FIGS. 2A to 2G are image graphics of an image after
processing in each step of watercolor-like processing accord-
ing to the first exemplary embodiment.

FIGS. 3A, 3B, and 3C are flowchart illustrating an opera-
tion of the watercolor-like processing according to the first
exemplary embodiment.

FIGS. 4A, 4B, and 4C are diagrams illustrating an input/
output feature of an LUT used in gradation correction.

FIG. 5 is a block diagram illustrating a watercolor-like
processing unit according to a second exemplary embodi-
ment.

FIGS. 6A, 6B, and 6C are flowchart illustrating an opera-
tion of LUT selection processing according to the second
exemplary embodiment.

FIG. 7 is a diagram illustrating a histogram used in land-
scape determination according to the second exemplary
embodiment.

FIG. 8 is a block diagram illustrating a watercolor-like
processing unit according to a third exemplary embodiment.

FIG. 9is adiagram illustrating an input/output feature of an
LUT used in gradation correction according to the third
exemplary embodiment.

FIG. 10 is a block diagram illustrating an addition unit
according to the third exemplary embodiment.

FIG. 11 is ablock diagram illustrating an image processing
apparatus according to a fourth exemplary embodiment.

FIG. 12 is a flowchart illustrating an operation of blurring
image generation processing according to the fourth exem-
plary embodiment.

FIG. 13 is a table illustrating an example in which shrink-
age times in generating blurring image correspond to an
image size.

DESCRIPTION OF THE EMBODIMENTS

Various exemplary embodiments, features, and aspects of
the invention will be described in detail below with reference
to the drawings.

Hereinafter, a first exemplary embodiment of the present
invention will be described.

In the exemplary embodiment, an example image process-
ing apparatus to which the present invention may be applied
includes an image processing apparatus having an image
pickup system, such as a digital camera, a scanner, or the like.
However, since the exemplary embodiment of the present
invention is not limited thereto and may be applied to image
data including color signals of a plurality of colors. The
exemplary embodiment is not particularly limited to any spe-
cific apparatus if the image processing apparatus is capable of
processing the image data. That is, the image processing
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apparatus may be an information processing apparatus such
as a PC or an image forming apparatus such as a portable
information terminal, and a printer. This is similarly applied
to each exemplary embodiment described below.

FIG. 1A illustrates a block diagram of a digital camera
which is one example of an image processing apparatus 1
according to a first exemplary embodiment. Luminous flux
from an object passes through an image forming optical sys-
tem 101 including a lens, a diaphragm, and the like, is incident
on an image pickup device 102, and photoelectrically con-
verted to become an electrical signal, and thus, is output from
the image pickup device 102. As the image pickup device 102,
for example, a single plate color image pickup device having
a general primary-color color filter is used.

The primary-color color filter is constituted by three types
of color filters having transmission dominant wavelength
ranges around 650 nm, 550 nm, and 450 nm, and captures
color planes corresponding to respective bands of red (R),
green (G), and blue (B). In the single plate color image pickup
device, the color filters are spatially arranged in a mosaic
shape for each pixel. Since each pixel acquires intensity in a
single color plane, a color mosaic image is output from the
image pickup device 102. An A/D conversion unit 103 con-
verts an analog electrical signal output from the image pickup
device into digital image data. In the exemplary embodiment,
image data of 12 bits is generated for each pixel at this time.

A white balance processing unit 104 performs processing
for setting a color of an area which is originally regarded as
white in an image, to a white color. More specifically, gains
which cause pixel values of colors R, G, and B of the area
which needs to be white, to be the same value, are applied to
the R, G, and B, respectively.

A color interpolation unit 105 interpolates the image data
output from the white balance processing unit 104 with
respect to the color mosaic image of the R, G, and B to
generate color image data having color information of the R,
G, and B in all pixels.

A matrix conversion unit 106 performs color conversion
processing including color space conversion by a matrix
operation. A gamma conversion unit 107 performs color con-
version processing including gradation conversion by a
gamma curve. In the exemplary embodiment, through the
processing carried out by the matrix conversion unit 106,
color spaces ofthe R, G, and B are converted into color spaces
of 8-bit luminance (Y) data and color difference (U, V) data,
and output from the matrix conversion unit 106 as YUV data.

Further, an image adjusting unit 108 performs processing
for enhancing an appearance of an image. For example, the
above processing primarily performs image correction pro-
cessing such as noise reduction processing by a low-pass
filter, chroma stressing and color correction processing by
adding a gain, and edge stressing processing of extracting a
high-frequency component by a high-pass filter, or the like
and stressing the extracted high-frequency component. The
image adjustment method is not limited to the exemplified
method.

In addition, color adjustment depending on an image
shooting condition 1099 or the object is performed by acquir-
ing a total balance using the matrix conversion unit 106, the
gamma conversion unit 107, and the image adjusting unit
108. In the exemplary embodiment, when the shot image is
set to an image shooting mode to perform watercolor-like
processing, a watercolor-like processing unit 109 performs
watercolor-like image processing to be described below on
the image data output from the image adjusting unit 108.

A compression unit 110 compresses the image data output
from the watercolor-like processing unit 109 by a predeter-
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mined method such as JPEG and a recording unit 111 records
the compressed image data in a recording medium such as a
flash memory.

The image data output from the watercolor-like processing
unit 109 is output also to a display unit 112 and displayed on
a display medium such as liquid crystal. In this case, gamma
processing or the like suitable for the display medium may be
performed.

The image data output from the watercolor-like processing
unit 109 is output also to an external output unit 113 and
output to an external apparatus connected to the image pro-
cessing apparatus 1 by a wired or wireless method.

When the image data is set in a general image shooting
mode in which the watercolor-like processing is not per-
formed, the image data output from the image adjusting unit
108 is directly input into the compression unit 110, the dis-
play unit 112, or the external output unit 113 as indicated by
a dashed line.

A memory 121 stores the image data used in each process-
ing unit, or image shooting information such as an F value of
a diaphragm, a shutter speed, ISO sensitivity, a white balance
gain value, and a set-up of a color gamut such as s-RGB. The
stored data is appropriately read out and used by an instruc-
tion from a control unit 120.

The control unit 120 controls each unit via a BUS line and
appropriately performs required operation processing.

An external operation, such as an instruction by a user is
input into the image processing apparatus via an interface I/F
122 and the control unit 120 receives the input operation to
perform the operation or control each unit.

Hereinafter, an image processing method of watercolor-
like processing of the exemplary embodiment of the present
invention, and a configuration of an image processing circuit
implementing the image processing method will be described
with reference to the block diagram illustrating details of the
watercolor-like processing unit 109 of FIG. 1B. In the exem-
plary embodiment, a basic watercolor-like effect is imple-
mented by mixing an edge component extracted from an input
image as a luminance component and the input image with a
gradated blurring component as a color component. However,
the luminance component is not comprised solely of the
extracted edge component. A low-frequency component is
retained with respect to low-luminance data in some degree to
achieve the watercolor-like effect in which natural gradation
is reproduced from a bright part up to a dark part.

First, the luminance (Y) data among the image data input
from the image adjusting unit 108 is input into a small blur-
ring image generating unit (luminance blurring unit) 1091
and an edge extracting unit 1094, and the color difference
(UV) data is input into a large blurring image generating unit
(color blurring unit) 1092. The small blurring image gener-
ating unit 1091 and the large blurring image generating unit
1092 generate a small blurring image and a large blurring
image by gradation processing (smoothing processing).
Herein, the blurring image is an image which is blurred with
respect to an input image, that is, an image in which a higher-
frequency component than a predetermined frequency is
removed. The small blurring image generated by the small
blurring image generating unit 1091 is smaller in a degree of
gradation than the large blurring image generated by the large
blurring image generating unit 1092, and the high-frequency
component remains.

Several methods of generating the blurring images are
possible. For example, smoothing is vertically and laterally
performed with a low-pass filter using a Gaussian filter coef-
ficient. However, in order to implement a large blurring state
anticipated in the watercolor-like processing in a single
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smoothing processing, a kernel size of the low-pass filter is
increased, and as a result, a processing time becomes great.
That is, it is not realistic to perform the processing on hard-
ware of a camera. Therefore, in the exemplary embodiment,
in order to shorten the processing time and acquire desired
blurring, a shrinkage processing circuit and an enlargement
processing circuit are combined with each other to generate
the small blurring image and the large blurring image. A
detailed operation associated with the blurring image genera-
tion processing will be described below by using the flow-
chart of FIG. 3B.

A gradation correcting unit 1093 performs gradation cor-
rection processing on the image data of the small blurring
image generated by the small blurring image generating unit
1091. Several methods of the gradation correction processing
are possible, but in the exemplary embodiment, correction by
a one-dimensional look-up table (LUT) 1090 is performed in
order to correct target luminance range gradation. An LUT
selection unit 1097 selects the LUT 1090 based on an image
shooting condition 1099 from LUTs 10984 to 1098¢ for each
scene which has any one of features illustrated in FIGS. 4A to
4C.

The edge extracting unit 1094 generates an edge image
from the small blurring image in which gradation is corrected,
by using the input image. Herein, in order to extract the edge
component from the input image, the input image may be just
subtracted from the small blurring image. That is, the edge
extracting unit 1094 is a subtraction circuit in the exemplary
embodiment.

An image in which an area of two images having different
frequency bands is extracted as an edge may be generated. In
the edge image thus generated, the edge component has a
value according to the intensity of the edge component and a
low-frequency component which is not an edge has a signal
closeto O (8-bit range). In order to make the image have a taste
of graphics as the rough line drawing, a gradation inversion
unit 1095 inverts gradation of the image. The gradation inver-
sion unit 1095 is configured of a circuit that performs grada-
tion correction with, for example, a general tone curve and
may perform the gradation correction according to the tone
curve such as performing so-called negative and positive
inversion. By gradation inversion, the edge component may
be darkened and a non-edge component may be tinged with
white.

Thus, the watercolor-like processing unit 109 uses the edge
image in which gradation is inverted by the gradation inver-
sion unit 1095 as the luminance (Y) data, and the large blur-
ring image generated from the input image by the large blur-
ring image generating unit 1092 as the color (UV) data, to
output one image data.

The large blurring image output from the large blurring
image generating unit 1092 is used for the color component to
express watercolors straying from a line of the rough line
drawing and bleeding.

Herein, the gradation correction processing performed by
the gradation correcting unit 1093 in the exemplary embodi-
ment will be described in more detail. First, an output image
resulting when the gradation correcting unit 1093 does not
perform the gradation correction processing is considered.
The luminance data corresponding to the edge image
acquired from (small blurring image)-(input image) is grada-
tion-inverted to become luminance data of the final image.
Therefore, the edge area is allocated to a low-luminance
range and the non-edge area is allocated to a high-luminance
range.

Since a colored area is expressed at comparatively high
luminance by adding color data (color difference data) to the
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luminance data, it is possible to express a light color typical of
a watercolor-like image. Meanwhile, since the area of the
original dark (low-luminance) part is also inverted to be
expressed at high luminance, a strong uncomfortable feeling
may be evoked, for example, the pupil of the eye of a person
is inverted to become a white eye.

Accordingly, in the exemplary embodiment, the gradation
correction processing by the gradation correcting unit 1093 is
performed on the luminance data of the small blurring image
output from the small blurring image generating unit 1091. At
that time, gradation correction is performed by increasing the
output of the dark part so that the component of the dark part
remains in the edge image. As a result, the component of the
area of a dark part having lower luminance than predeter-
mined luminance remains in the edge image output from the
edge extracting unit 1094. That is, since an edge image (lumi-
nance data) including the high-frequency component and the
low-luminance low-frequency component can be extracted
from the luminance data of the input image, a watercolor-like
image having a less uncomfortable feeling in the final image
may be generated.

More specifically, as illustrated in FIG. 4A, the gradation
correcting unit 1093 performs gradation correction by using
an LUT having a characteristic 401 such as slightly increasing
the output of the dark part. Herein, a horizontal axis repre-
sents an input signal and a vertical axis represents an output
signal.

By performing the gradation correction having the charac-
teristic 401 of FIG. 4A, the edge image output from the edge
extracting unit 1094 at a subsequent stage can be made an
edge image in which the low-frequency component slightly
remains with respect to the dark part.

As the characteristic of the LUT, the vicinity of the dark
part is preferably retained in the edge image output from the
edge extracting unit 1094 as illustrated in any one of FIGS.
4 A 10 4C including a characteristic to be described below, but
as the characteristic of the LUT, as long as a pixel value of the
output signal is equal to or more than the pixel value of the
input signal, the output of the dark part may be increased even
to a medium and high luminance range. However, in this case,
the luminance data output from the edge extracting unit 1094
includes more low-frequency components regardless of the
luminance range and the taste of the rough line drawing fades
away.

FIG. 2 illustrates an image view of an image (data) after
processing in each step of the watercolor-like processing in
the watercolor-like processing unit 109. FIG. 2A illustrates a
sample of an image constituted by YUYV data which is output
from the image adjusting unit 108 and input into the water-
color-like processing unit 109. FIG. 2B illustrates an image
after gradation processing by the small blurring image gen-
erating unit 1091 and FIG. 2C illustrates an image after gra-
dation processing by the large blurring image generating unit
1092. In FIG. 2C, gradation processing is performed on the
color difference (UV) signal from among image signals, how-
ever, an image in which a luminance signal can be acquired
together is illustrated in order to show a difference in degree
of the gradation processing.

As illustrated in FIGS. 2C and 2D, in the exemplary
embodiment, the degree of the gradation processing for the
color difference signal is set to be larger than the degree of the
gradation processing for the luminance signal. FIG. 2D is an
image graphic of the luminance data output from the grada-
tion correcting unit 1093. In FIG. 2D, a dark part shown in a
background is brighter than in FIG. 2A by the gradation
correction processing of increasing the output of the dark
part.
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FIG. 2E is an image graphic of the luminance data output
from the edge extracting unit 1094. In FIG. 2E, for example,
a value is given so that an edge of a flower petal is white and
a value is given also in the original dark part of the image.
FIG. 2F is an image graphic of the luminance data output
from the gradation inversion unit 1095. Referring to FIG. 2F,
the dark part which remains together with the edge also surely
remains as the dark part in the output image from the edge
extracting unit 1094. FIG. 2G is an image graphic of a final
output image of the watercolor-like processing unit 109. As
can be seen from FIG. 2G, the area of the dark part in the
original image is expressed as the dark part together with the
edge.

As described above, in the final image acquired by per-
forming the gradation correction processing by the character-
istics illustrated in FIGS. 4A to 4C, luminance gradation
remains in the dark part including the low-frequency compo-
nent. Therefore, the final image does not become bright and
may be left as the dark part. Meanwhile, since the final image
includes the low-frequency component, an element as a pho-
tograph remains, so that the final image retains realistic depic-
tion and the final image backs away from a pictorial taste.
Therefore, ideally, a luminance range in which the low-fre-
quency component remains is appropriately controlled for
each scene. Therefore, in the exemplary embodiment, an LUT
suitable for a shot scene is selected and applied as described
below.

FIG. 3 is a flowchart illustrating an overall operation of the
watercolor-like processing performed by the watercolor-like
processing unit 109 illustrated in FIG. 1B. Each operation of
the flowchart is performed by the control unit 120 or by each
unit under an instruction from the control unit 120.

In step S301, the small blurring image generating unit 1091
and the large blurring image generating unit 1092 perform
small blurring image generation processing on luminance
data of an input image and large blurring image generation
processing on color data of the input image, respectively.

In step S302, the LUT 1090 used in the gradation correct-
ing unit 1093 is selected and set by the LUT selection unit
1097. In step S303, the gradation correcting unit 1093 per-
forms gradation correction processing according to the
selected LUT.

In step S304, the edge extracting unit 1094 performs the
aforementioned edge extraction processing from luminance
data of which gradation is corrected.

In step S305, the gradation inversion unit 1095 performs
the aforementioned gradation inversion processing on the
edge image output from the edge extracting unit 1094.

In step S306, the final image data is generated, in which the
luminance (Y) data output from the gradation inversion unit
1095 is set as the luminance data and the color (UV) data
output from the large blurring image generating unit 1092 is
set as the color data, and the final image data is output as an
output of the watercolor-like processing unit 109, and the
process ends.

The blurring image generation processing of step S301 of
FIG. 3 will be described in detail with reference to the flow-
chart of FIG. 3B. As described above, in the blurring image
generation processing, shrinkage processing and enlarge-
ment processing are combined to generate a blurring image.
More specifically, an image in which an information amount
is reduced by performing the shrinkage processing is subse-
quently enlarged through interpolation, and as a result, the
image becomes blurred.

First, a shrinkage size of a smallest shrinkage image is set
according to a target size of blurring. For example, the large
blurring image has a size corresponding to ¥is of each side of
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the input image (the number of pixels is decreased to Vis on
each of the length and the width). When the input image is
shrunk to the size of Vi of each side, V2 shrinkage is repeated
in a vertical direction and a horizontal direction N times
(N=4) in steps S3011 to S3014. Herein, in order to prevent
aliasing of a high-frequency component, so-called moire
from occurring as a result of the shrinkage, the input image is
smoothed by applying a low-pass filter (LPF) with a filter
coeflicient [1, 2, 1] in the vertical direction and the horizontal
direction before the shrinkage (step S3012).

When the shrinkage processing is repeated up to N times,
the enlargement processing is performed until the input
image has an original size. The twofold enlargement process-
ing is also repeated in the vertical direction and the horizontal
direction N times in steps S3015 to S3017 similarly to the
shrinkage processing. In the exemplary embodiment, side
magnification in one shrinkage is carried out by a factor of /2,
but may be carried out by a factor of ¥4 and is not limited
thereto. However, the filter coefficient of the low-pass filter
used at the same time needs to be appropriately changed in
order to prevent the moire from occurring. For example, when
the side magnification is decreased to Y4 the filter coefficient
issetto[1,4,6,4,1].

Further, the shrinkage size of the smallest shrinkage image
for generating the large blurring image needs to be smaller
than the shrinkage size of the smallest shrinkage image for
generating the small blurring image. In step S301, the blur-
ring image generation processing is performed with N=N1 in
the small blurring image generating unit 1091 and N=N2
(N1<N2) in the large blurring image generating unit 1092 in
parallel.

LUT selection processing of step S302 of FIG. 3A will be
described in detail with reference to the flowchart of FIG. 3C.
As described above, in the exemplary embodiment, the LUT
suitable for a shot scene is selected and applied to the pro-
cessing. For example, in a portrait scene such as an image of
a person, gradation correction is performed by an LUT 3
having a characteristic 403 (for example, an output is
increased at a darkest portion by 35%) which increases an
output of a pixel value (dark part) showing lower than prede-
termined luminance as compared with other scenes, as illus-
trated in FIG. 4C.

In a scene of landscape image shooting, gradation correc-
tion is performed by an LUT 2 having a characteristic 402 (for
example, an output is increased at the darkest portion by 13%)
which does not increase a pixel value (dark part) showing
lower than predetermined luminance as compared with other
scenes, as illustrated in FIG. 4B.

In other general scenes, gradation correction is performed
by an LUT 1 having a characteristic 401 (for example, the
output is increased at the darkest portion by 23%) which
normally increases the output of the dark part illustrated in
FIG. 4A. However, basically, any LUT has a characteristic
that performs gradation correction in which a pixel value as
an output value is equal to or more than a pixel value as an
input value.

In the exemplary embodiment, program priority (P), dia-
phragm priority (Av), time priority (1v), manual (M) or the
like is selectable by a mode dial or the like through an I/F 122
as an image shooting mode. Further, as an image shooting
mode more suitable for a beginner, a categorized image
shooting mode considering a kind of a scene, such as a full
automatic, portrait mode, a landscape mode, a sport mode, a
macro, and a nightscape is installed.

In step S3021, the control unit 120, for example, reads out
an image shooting mode M from the memory 121 as an image
shooting condition 1099. In the exemplary embodiment,
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since an image processing apparatus including an image
shooting system is assumed, an image shooting condition
1099 set at the time of shooting the input image is stored in the
memory 121 and read out.

Subsequently, in step S3022, the control unit 120 deter-
mines the read-out image shooting mode M and selects the
corresponding LUT 1090 from the LUT 1098 for each scene
stored in the memory 121. Among the image shooting modes,
the LUT 1, the LUT 2, and the standard LUT 3 are selected in
the case of the portrait mode, the landscape mode, and other
modes, respectively. The LUT 1098 for each scene is held in
advance, and as a result, calculation processing is reduced in
image shooting, and high-speed continuous shooting may be
performed without decreasing an image shooting frame
speed. In order to select the LUT, the present invention is not
limited the particular method described above. For example,
image data generated by apparatuses other than the image
processing apparatus, which is stored in the memory 121 may
be processed. In this case, a header or an image shooting
condition 1099 which is stored in association is read out. In
particular, when a determinable image shooting condition
1099 is not stored, the LUT 3 for the standard is selected.

In step S3023, the control unit 120 sets the selected LUT
1090 to the gradation correcting unit 1093 and returns to the
main processing.

As described above, in the exemplary embodiment, in the
watercolor-like processing for adding the watercolor-like
effect, the luminance data including the high-frequency com-
ponent and the low-luminance low-frequency component is
extracted from the luminance data of the input image and the
final image data is obtained by adding gradated color data to
generate a watercolor-like image. As a result, the rough line
drawing is authentically depicted and image processing for
generating the watercolor painting with the color of the input
image as a basic color may be implemented.

Further, in the exemplary embodiment, since gradation
correction is performed in a way that is suitable for the rel-
evant image shooting condition, the watercolor-like image
may be generated with a way which is appropriate for each
scene.

In the first exemplary embodiment, when the gradation
correcting unit 1093 performs gradation correction, the LUT
for each scene is held as a preset, and the LUT is selected and
gradation is corrected according to the image shooting con-
dition of the scene, but in the second exemplary embodiment,
the scene is determined by analyzing the input image and the
gradation-correct LUT is calculated.

FIG. 5 is a block diagram illustrating the watercolor-like
processing unit 109 in detail according to a second exemplary
embodiment. Since processing details of a block having the
same reference numeral as FIG. 1B are the same as FIG. 1B,
a description of the block will be omitted. The second exem-
plary embodiment is different from the first exemplary
embodiment in that an LUT calculation unit 501 is provided,
an input image is analyzed by the LUT calculation unit 501 to
determine a scene and an appropriate LUT 502 is calculated
which corresponds to the determined scene.

FIG. 6 is a flowchart illustrating an operating example of
the LUT selection processing in step S302 of FIG. 3A accord-
ing to the exemplary embodiment. Other overall watercolor-
like processing is similarto the operation illustrated in FI1G. 3.

In step S601, the control unit 120 and the LUT calculation
unit 501 first perform portrait determination processing in
order to calculate face reliability which indicates a probabil-
ity that the scene is a portrait scene. In step S602, the control
unit 120 and the LUT calculation unit 501 perform landscape
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determination processing in order to calculate a landscape
degree which indicates a probability that the scene is a land-
scape scene.

In step S603, an LUT suitable for the input image is cal-
culated by using a determination result in steps S601 and
S602. More specifically, when the face reliability is 100%, the
LUT illustrated in FIG. 4C is set. Meanwhile, when the face
reliability is 0%, the LUT illustrated in FIG. 4B is set. When
the face reliability is between them, the face reliability is
interpolated and calculated from the LUTs illustrated in
FIGS. 4B and 4C.

When the landscape degree is 100%, the LUT illustrated in
FIG. 4A is set. Meanwhile, when the landscape degree is 0%,
the LUT illustrated in FIG. 4B is set. When the landscape
degree is between them, the landscape degree is interpolated
and calculated from the LUTs illustrated in FIGS. 4A and 4B
according to the landscape degree.

Further, it is possible that both of the face reliability and the
landscape degree are high to some degree, but in this case, the
LUT is set by prioritizing the face reliability. The calculated
LUT is set in the gradation correcting unit 1093 in step S3023
similarly as in the first exemplary embodiment.

Next, FIG. 6B is a flowchart illustrating an operation of the
portrait determination processing in step S601. First, face
detection is performed by using a means, such as face iden-
tification by a Haar-Like feature amount (step S6011). There-
after, the face reliability is calculated from the feature amount
and returns to the main processing (step S6012). A reliable
predetermined feature amount is set in advance to represent a
face reliability of 100%, and in actual processing, the normal-
ized face reliability using the feature amount is calculated.

FIG. 6C is a flowchart illustrating an operating example of
the landscape determination processing in step S602. A
method of identifying a face by analyzing a histogram of a
color signal of an input image, or the like may also be used
(FIG. 8C).

In FIG. 6C, first, RGB of an input signal is converted into
signals in HSB color space (step S6021). Subsequently, a hue
histogram is calculated in an H component of an input image
(step S6022). An example of the histogram calculated as
above described is illustrated in FIG. 7, and the histogram is
analyzed to determine whether the number of peaks having a
threshold (th) or more is one or more (step S6023). When no
mountain is detected (“NO” in S6023), the processing ends at
the landscape degree of 0% (step S6028).

Meanwhile, when the mountain is detected (“YES” in
S6023), a variable i is set presuming that the number of all
detected peaks is N, in order to perform scene determination
with respect to all of the detected peaks (step S6024). An
initial value of the variable i is set as “1” and until the variable
iis “N”, the variable i is incremented by each “1”.

Just after setting the variable 1, a green level G for the hue
of'a first mountain is calculated (step S6025). When a condi-
tion of H=GR-GL is met, the green level G is 100% and as the
green level G moves away from this condition, the green level
G is decreased. In this case, when green level G, >green level
G,_, the green level G is updated to G,.

Subsequently, a blue level B regarding whether the hue of
the mountain is a blue sky is calculated (step S6026). When
the condition of H=SL-SR is met, the blue level B is 100%
and as the blue level B moves away from this condition, the
blue level B is decreased. In this case, when blue level
B,>blue level B, ,, the blue level B is updated to B,.

Thereafter, itis determined whether hues of all of the peaks
have been examined (step S6027). When the hues of all of the
peaks have not been examined (“NO” in S6027), the process-
ing returns to step S6025 in order to examine a hue of a
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subsequent mountain. When the hues of all of the peaks are
examined, the landscape degree L is calculated from the green
level G and the blue level B by an equation below and returns
to the main processing (S6028).

_ G[%] + B[%)
= T200[%]

M

Further, in addition to the above method, many alternative
methods of analyzing and determining the scene of the image
have been proposed. While these methods may also be used,
a more detailed description will be omitted here.

As described above, according to the exemplary embodi-
ment, in the watercolor-like processing for adding the water-
color-like effect, the luminance data including the high-fre-
quency component and the low-luminance low-frequency
component is extracted from the luminance data of the input
image and the final image data is obtained by adding gradated
color data to generate a watercolor-like image. As a result, the
rough line drawing is authentically depicted and image pro-
cessing of generating the watercolor painting with the color of
the input image as a basic color may be implemented.

Further, in the exemplary embodiment, the input image is
analyzed to determine the shot scene and the gradation cor-
rection is performed with an LUT which is optimized for each
scene to retain an optimal dark part of the scene, so that the
watercolor-like effect may be accurately produced.

In the first and second exemplary embodiments, the water-
color-like image is generated by using the extracted edge
component as the luminance component. In a third exemplary
embodiment, the luminance component is generated apart
from the edge component.

FIG. 8 is a block diagram of the watercolor-like processing
unit 109 implementing watercolor-like processing according
to athird exemplary embodiment. Since a block with the same
reference numeral as FIG. 1B performs the same as FIG. 1B,
a description of the block will be omitted.

The exemplary embodiment is different from the first and
second exemplary embodiments in that luminance data input
into an edge extracting unit 803 is not gradation-corrected. In
this point, the edge component output from the edge extract-
ing unit is an almost pure high-frequency component which
includes almost no low-frequency component.

Meanwhile, a gradation correcting unit 801 performs gra-
dation correction so that out of luminance data of an input
image, a low-frequency component smaller than predeter-
mined luminance remains. A method of the gradation correc-
tion is performed by conversion using a one-dimensional
LUT 802 similarly to the first and second exemplary embodi-
ments. In the exemplary embodiment, in order to acquire the
effect corresponding to the LUTs referenced in the first and
second exemplary embodiments, an LUT which follows a
characteristic of 902 of FIG. 9 is referenced as the LUT 1, an
LUT which follows a characteristic of 903 is referenced as the
LUT 2, and an LUT which follows a characteristic of 901 is
referenced as an LUT 3.

An addition unit 804 adds a luminance component (lumi-
nance data) and an edge component (edge data) after grada-
tion correction is performed.

The addition unit 804 will be described in detail with
reference to FIG. 10. An offset noise value and a gain value
are read out from the memory 121 in advance. First, a sub-
tracter 8041 subtracts a small offset noise value 2056 received
from edge data, from the edge extracting unit 803. As a result,
a small offset noise component can be removed. Since the
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small noise appears in the bright part after gradation inversion
processing is performed and is not appropriate to express light
transparence which is a feature of the watercolor-like, the
minute noise is desirably removed in this step.

Subsequently, a multiplier 8042 multiplies a gain value
2057 by edge data 8045 in which the offset noise value is
reduced. The intensity of the rough line drawing may be
adjusted by the gain value. Thereafter, the edge data 8045
multiplied by the gain value and luminance data 8044 after
gradation correction are added to acquire a final luminance
component (luminance data).

As described above, in the exemplary embodiment, in the
watercolor-like processing of adding the watercolor-like
effect, the luminance data including the high-frequency com-
ponent and the low-luminance low-frequency component is
extracted from the luminance data of the input image and the
final image data is obtained by adding gradated color data to
generate a watercolor-like image. As a result, the rough line
drawing is authentically depicted and image processing of
generating the watercolor effect with the color of the input
image as a basic color may be implemented.

Further, in the exemplary embodiment, in generating the
luminance component, the edge component and the lumi-
nance component are separated from each other, so that an
edge amount and a remaining amount of the low-frequency
component may be independently adjusted. Meanwhile, a
processing overhead increases as compared with the first and
second exemplary embodiments. Therefore, it is effective that
in a back liquid crystal monitor, an edge component having a
small calculation amount is commonly used together with a
luminance component to perform display in a simplified man-
ner. On the other hand, at the time of recording, the edge
component and the luminance component may be separated
and used separately.

A fourth exemplary embodiment is a method for acquiring
an equivalent appearance (effect) in viewing images of dif-
ferent sizes, even when a plurality of image sizes of a target
image subjected to watercolor-like processing is set. In gra-
dation processing of the image, when image sizes (pixel num-
ber) of input images are different from each other, a blurring
degree seems to be different even in the same shrinkage size.
For example, when a recording image recorded in a recording
medium and a display image displayed through the display
unit 112 on a back liquid crystal which is a display medium
are set different in the shrinkage size, the same effect is not
obtained when the same viewing image size is set. Therefore,
in the exemplary embodiment, shrinkage sizes required to
generate the small blurring image and the large blurring
image are set appropriate according to the image size of the
input image.

FIG. 11 is a block diagram of an image processing appa-
ratus according to a fourth exemplary embodiment and FIG.
12 is a flowchart of blurring image generation processing
according to the fourth exemplary embodiment. As a feature
of FIG. 11, a resize unit 112 is provided at a front side stage
of'the watercolor-like processing unit 109. Further, FIG. 12 is
different from the flowchart of the blurring image generation
processing of FIG. 3B according to the first exemplary
embodiment in that steps S1201 and S1202 are provided.

In step S1201, an image size of an input image is read out
as an image shooting condition 1099 and in step S1202, the
number of shrinkage times N1 in the small blurring image
generating unit and the number of shrinkage times N2 in the
large blurring image generating unit are set depending on the
image size illustrated in FIG. 13. Subsequent processing is
performed similarly as in the first exemplary embodiment
according to the set N1 and N2.
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In a correspondence table of the number of shrinkage times
illustrated in FIG. 13, one time shrinkage represents %2
shrinkage. As the image size is decreased, the number of
shrinkage times is reduced.

As described above, in the exemplary embodiment, in the
watercolor-like processing of adding the watercolor-like
effect, the luminance data including the high-frequency com-
ponent and the low-luminance low-frequency component is
extracted from the luminance data of the input image and the
final image data is obtained by adding gradated color data to
generate a watercolor-like image. As a result, the rough line
drawing is authentically depicted and image processing of
generating the watercolor image with the color of the input
image as a basic color may be implemented.

Further, in the exemplary embodiment, the number of
shrinkage times when generating the blurring image is set
according to the image size of the input image, so that the
similar watercolor-like effect can be achieved even in viewing
with the same image size a plurality of images having differ-
ent image sizes.

In each exemplary embodiment, hardware configuration of
each block of the watercolor-like processing unit 109 has
been described. However, since any operation of each block
can be implemented by software, some or all of the operations
of'the watercolor-like processing unit 109 may be installed by
software processing. Further, similarly, some or all of opera-
tions of other blocks in the image processing apparatus of
FIG. 1 may be installed by the software processing.

Further, in each exemplary embodiment, the example has
been described in which gradation correction is performed by
the one-dimensional LUT in the gradation correcting units
1093 and 801. However, the method of the gradation correc-
tion is not limited thereto. So long as the gradation correction
having the equivalent effect of the features illustrated in
FIGS. 4 and 9 is performed, the present invention is appli-
cable. For example, an output pixel value may be obtained by
a calculation operation.

Further, in each exemplary embodiment as above
described, the YUV data divided into the luminance data and
the color data, in other words, the data after development
processing, is used as an example as the input image for the
processing. However, the present invention is not limited
thereto and may be applied also to image data including data
of'each color of RGB. In this case, for example, after conver-
sion into the image data including the luminance data and the
color data by a matrix operation, which is performed by the
matrix conversion unit 106, the processing described in each
exemplary embodiment may be performed.

Other Embodiments

Embodiments of the present invention can also be realized
by a computer of a system or apparatus that reads out and
executes computer executable instructions recorded on a stor-
age medium (e.g., non-transitory computer-readable storage
medium) to perform the functions of one or more of the
above-described embodiment(s) of the present invention, and
by a method performed by the computer of the system or
apparatus by, for example, reading out and executing the
computer executable instructions from the storage medium to
perform the functions of one or more of the above-described
embodiment(s). The computer may comprise one or more of
a central processing unit (CPU), micro processing unit
(MPU), or other circuitry, and may include a network of
separate computers or separate computer processors. The
computer executable instructions may be provided to the
computer, for example, from a network or the storage
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medium. The storage medium may include, for example, one
or more of a hard disk, a random-access memory (RAM), a
read only memory (ROM), a storage of distributed computing
systems, an optical disk (such as a compact disc (CD), digital
versatile disc (DVD), or Blu-ray Disc (BD)™), a flash
memory device, a memory card, and the like.

While the present invention has been described with refer-
ence to exemplary embodiments, it is to be understood that
the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
modifications, equivalent structures, and functions.

This application claims priority from Japanese Patent
Application No. 2012-130098 filed Jun. 7, 2012, which is
hereby incorporated by reference herein in its entirety.

What is claimed is:

1. An image processing apparatus, comprising:

one or more computer-readable memory; and

one or more processors that are coupled to the one or more
computer-readable memory and that are configured to
implement
an extraction unit configured to extract a high-frequency

component and a low-luminance low-frequency com-
ponent, from luminance data of an input image;

a color blurring unit configured to perform gradation
processing to smooth data on color data of the input
image; and

an output unit configured to output image data in which
the extracted high-frequency component and the
extracted low-luminance low-frequency component
output from the extraction unit are used as luminance
data and the output from the color blurring unit is used
as color data.

2. The image processing apparatus according to claim 1,
wherein

the extraction unit includes,

a luminance blurring unit configured to perform gradation
processing to smooth data on the luminance data of the
input image,

a gradation correcting unit configured to perform gradation
correction processing on the luminance data output from
the luminance blurring unit,

a subtraction unit configured to subtract the luminance data
of the input image from the luminance data output from
the gradation correcting unit, and

an inversion unit configured to invert a pixel value of the
luminance data output from the subtraction unit.

3. The image processing apparatus according to claim 2,
wherein the gradation correcting unit performs gradation cor-
rection such that a pixel value as an output value is equal to or
larger than a pixel value as an input value.

4. The image processing apparatus according to claim 3,
wherein the gradation correcting unit performs gradation cor-
rection such that a gain added to a pixel value of luminance
lower than predetermined luminance is higher than a gain
added to a pixel value of luminance higher than predeter-
mined luminance.

5. The image processing apparatus according to claim 2,
wherein the luminance blurring unit and the color blurring
unit change a gradation degree in the gradation processing
according to an image size of the input image and make an
output image from the output unit viewable with an equiva-
lent gradation degree when the output image is viewed with
the same image size.

6. The image processing apparatus according to claim 2,
wherein the luminance blurring unit and the color blurring
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unit increase the gradation degree of the gradation processing
as the image size of the input image increases.

7. The image processing apparatus according to claim 2,
wherein the gradation correcting unit performs gradation cor-
rection based on an image capturing condition in which the
input image is captured.

8. The image processing apparatus according to claim 2,
wherein the one or more processors are further configured to
implement:

a determination unit configured to determine a scene in

which the input image is captured,

wherein the gradation correcting unit performs gradation

correction based on a determination result by the deter-

mination unit.

9. The image processing apparatus according to claim 2,
wherein the gradation correcting unit performs gradation cor-
rection such that a gain added to a pixel value of luminance
lower than predetermined luminance is larger when the scene
where the input image is captured is determined to be a
portrait, than gains in other cases.

10. The image processing apparatus according to claim 2,
wherein the gradation correcting unit performs gradation cor-
rection such that a gain added to a pixel value of luminance
lower than predetermined luminance is smaller when the
scene where the input image is captured is determined to be a
landscape, than gains in other cases.

11. The image processing apparatus according to claim 2,
wherein the gradation correcting unit performs gradation cor-
rection on the luminance data output from the luminance
blurring unit by using a look-up table.

12. The image processing apparatus according to claim 1,
wherein

the extraction unit includes,

a luminance blurring unit configured to perform grada-
tion processing to smooth data on the luminance data
of the input image,

a subtraction unit configured to subtract the luminance
data of the input image from the luminance data out-
put from the luminance blurring unit,

a gradation correcting unit configured to perform grada-
tion correction processing such that luminance data of
luminance lower than predetermined luminance is
extracted from the luminance data of the input image,
and

an addition unit configured to add an output from the
subtraction unit to an output from the gradation cor-
recting unit.

13. The image processing apparatus according to claim 2,
wherein the gradation degree of the gradation processing
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performed on the color data of the input image by the color
blurring unit is higher than the gradation degree of the gra-
dation processing performed on the luminance data of the
input image by the luminance blurring unit.

14. An image processing method, comprising:

extracting a high-frequency component and a low-lumi-
nance low-frequency component from luminance data
of an input image;

performing gradation processing to smooth data on color
data of the input image; and

outputting image data in which the extracted high-fre-
quency component and the extracted low-luminance
low-frequency component are used as luminance data
and color data that has been gradation processed is used
as color data.

15. A non-transitory computer-readable medium storing a
program executable by an information processing apparatus,
for executing the image processing method according to
claim 14.

16. An image processing apparatus, comprising;

a blurred image generating unit configured to generate a
first blurred image and a second blurred image, from a
same input image, wherein the first blurred image is
smaller in a degree of gradation than the second blurred
image;

a gradation correcting unit configured to perform gradation
correction processing on the first blurred image;

an edge extracting unit configured to generate an edge
image by subtracting the input image from the first
blurred image;

a gradation inversion unit configured to invert gradation of
the edge image;

a combining unit configured to combine the edge image in
which gradation is inverted as luminance data and the
second blurred image as color data, to output one image
data.

17. The image processing apparatus according to claim 16,
wherein the gradation correcting unit is configured to perform
gradation correction such that a gain added to a pixel value of
luminance lower than predetermined luminance is higher
than a gain added to a pixel value of luminance higher than the
predetermined luminance.

18. The image processing apparatus according to claim 16,
wherein the gradation correcting unit is configured to perform
gradation correction based on an image capturing condition
in which the input image is captured.
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